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ABSTRACT 
The "Starvation Effect" and Tryptophan Pyrrolase 
Activity in the Vermilion Mutant of Drosophila 
by 
Ernest E. Shelton, Jr., Doctor of Philsophy 
Utah State University, 1967 
Major Professor: Dr. John R. Simmons 
Department: Zoology 
vi 
The enzyme tryptophan pyrrolase is controlled by the vermilion locus 
in Drosophila melanogaster and is normally lacking in the vermilion 
' ' 1 mutants. During this investigation it has been demonstrated that~ ;bw 
flies have tryptophan pyrrolase activity when grown under near starvation 
conditions. 
During development of the fly there is a peak of enzyme activity in 
the early third instar soon after the transfer to starvation medium. A 
second peak of enzyme activity occurs during the pupal stage. The activity 
in ~
1
;bw pupae is about 15% of the activity found in.£.!!. bw adults. 
1 In~ ;bw pupae grown on standard medium there is· a small but detectable 
amount of tryptophan pyrrolase activity which probably accounts for the 
slight pigmentation normally observed in these flies. 
It was shown that prolongation of development by low temperature or 
by choline deficient medium cannot account for the increase in pigmentation 
observed under starvation conditions. 
The possibility that one group of the vermilion mutants is involved 
in the control of tryptophan pyrrolase is discussed. 
(St pages) 
INTRODUCTION 
In Drosophila melanogaster the vermilion locus (~, 1-33.0) controls 
the synthesis of the enzyme tryptophan pyrrolase which catalyzes the . . 
conversion of tryptophan to formylkynurenine, (Figure 1) an intermediate 
in the synthesis of ommochrome pigments (Baglioni, 1959, 1960; Kaufman, 
1962; Marzlu~ 1965). The vermilion mutants are characterized by the 
,r· accumulation of non-protein tryptophan (Green, 1954) and non-autonomy in 
transplants and gynandromorphs (Ephrussi and Beadle, 1935'; Sturtevant, 1920; 
Green, 1952). The vermilion locus consists of at least two noncomplementary 
but recombinationally distinct sites of which v1 and ~
36
f are representative. 
36f 1 In contrast to v , v is suppressed by the suppressor of vermilion (su-v, 
1-0.0+) and responds to near starvation conditions by the formation of 
brown pigments in the eyes (Green, 1954). One possible exception to this 
classification is ~4Ba which has the same physiological characteristics 
36f as v Barish and Fox (1956), howeve~ have reported a single case of 
48a 36f 48a 1 recombination between v and v but not between v and v. 
As first reported by Khouvin, Ephrussi, and Chevais (1938), when v 
1 
flies are grown under suboptimal nutritional conditions, brown pigments 
are produced. In order to obtain maximum effect from the starvation con-
ditions, it is necessary to transfer larvae from complete medium.to the 
starvation medium prior to the beginning of the third instar (Beadle, 
Tatum, Clancy, 1938; Shapard, 1960). Under the conditions described, the 
,/ 
I 
Figure 1. Pathway of ommochrome synthesis in Drosophila. 
From Ziegler (1961). 
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time required for development is extended by about four days beyond -he 
normal period of ten days (Tatum and Beadle, 1939). 
Two hypotheses are immediately suggested to explain the observed 
effects of starvation conditions. Since v1 flies accumulate a small amount 
of pigment with age, the ~l mutant may not completely block the synthesis 
of tryptophan pyrrolase and the prolonged larval stage may allow the 
accumulation of pigment precursors. This is a definite possibility since' / 
Marzluf (1965) reports that as little as seven per cent of the wild-type 
i 
enzyme activity produces pigmentation equivalent to that of wild-type 
flies. Another possibility is that under starvation conditions, ~l 
flies may show an increase in tryptophan pyrrolase at some time prior to 
eclosion. Experiments designed to test these hypotheses are the subject 
of this report. 
5 
REVIEW OF LITERATURE 
Conditional Expression of Vermilion 
The phenotypic expression of vermilion can be altered to wild-type 
if the tissue homozygous for vermilion is grown in connection with tissue 
+ + 
which has the genotype of~ or~/~. This non-autonomy was first reported 
by Sturtevant (1920) based on observations of gynandromorphs. Occasionally 
flies with the chromosome complement of a female will lose one of the X 
chromosomes from a line of cells during development. The tissue which 
develops from the line of cells with one chromosome expresses the phenotypic 
characteristics of a male. Sturtevant used females heterozygous for~ 
and several other sex-linked recessive markers which could be recognized 
from the head of Drosophila melanogaster. Male tissue. involving the head 
could be identified by the markers other than~' but vermilion did not 
express the mutant phenotype under these conditions. 
That vermilion is also non-autonomous with respect to other mutants 
with phenotypes similar to that of vermilion was shown by Beadle and 
Ephrussi (1936b). Eye discs from vermilion larvae were transplanted into 
larvae of cinnabar (.£E_, 2-57.5) or scarlet (~, 3-44.0) mutants. After 
the imagoes eclosed, the phenotype of the transplant was observed, and in 
both cases wild-type pigment was formed. Vermilion was shown to be non-
autonomous when transplanted into a number of other mutants or wild-type 
(Beadle and Ephrussi, 1936). Vermilion was found to exhibit autonomous 
I 
6 ,/ 
development only in the following mutants: claret(~, 3-100.7), 
carmine(~, 1-18.9), pink-peach (£,P, 3-48.0), and ruby (rb, 1-7.5). 
+ The observation that the v substance was available to eye transplants 
+ prompted a search for the v substance in the lymph of wild-type flies. 
Ephrussi, Clancy, and Beadle (1936) collected lymph from wild-type 
larvae and pupae and injected it into late third instar white-apricot 
('':!!_a), vermilion larvae. From these experiments it was concluded that 
+ the v substance is present in the lymph of wild-type flies during 
development. 
It was also of interest to know whether or not the v+ substance is 
unique to Drosophila or if it is common to other groups. Ephrussi, and 
Harnly (1936) injected lymph from Galleria mellonella and Calliphora 
a erythrocephala into larvae of the genotype w v. In both cases an active 
+ v substance was shown to be present. Tatum (1939) was able to demonstrate 
+ that the production of v substance is not a property of insects only, 
but that certain bacteria when grown in a medium containing an excess of 
h 1 d b ' h + . . h' h ld b tryptop an a so pro uce a su stance wit .! act1v1ty, w 1c cou not e 
distinguished from its Drosophila counterpart on the basis of chemical 
and biological properties. 
+ Identification of the v Substance 
+ Since the v substance could be recovered from several different 
sources, it remained to be determined whether or not these substances 
from different sources actually had the same chemical structure. The 
7 
answer to this question was obtained through a series of investigations 
from 1936 to 1941. Khouvin, Ephrussi, and Harnly (1936) established that 
the ::._+ substance from Call iphora was soluble in alcohol and water, but not 
in ether. The activity recovered by the various procedures was determined 
by injecting the extract into ~a::._ larvae and observing the effect on eye 
pigmentation. 
Thimann and Beadle (1937), using the assay for activity mentioned 
+ above, reported that the v substance from Drosophila pupae is relatively 
heat stable, soluble in water, but insoluble in acetone or sesame oil. 
+ Tatum and Beadle (1938) extended the observations on the nature of the v 
substance from Drosophila pupae and found that it is soluble in ethyl 




, but is 
destroyed by 1 N Na0H, 10 N Na0H, or an enzyme present in the extracts. 
Although neither oxygen nor hydrogen peroxide alone alters the activity 
+ of the::._ substance, destruction by the enzyme does not occur unless oxygen 
is present. The isoelectric point of the::._+ substance was determined to 
be about 6 by measuring the solubility in butyl alcohol as a function of 
pH. The maximum solubility was at pH 6. The precipitation properties 
of the substance were similar to those of the amino acids. 
Tatum and Beadle (1940) published additional findings on the properties 
+ of the v substance found in bacteria. The substance was precipitated from 
90% ethyl alcohol. Elementary analysis indicated the empirical formula 
,/ 
8 
Butenandt, Weidel, and Becker (1940) tested a series of known com-
pounds with structures consistent with the empirical formula and dis-
covered that kynurenine would function as the v+ substance when either 
fed or injected, an identification which was further strengthened by 
the report of Tatum and Haagen-Smit (1941) thai the active material 
isolated from bacteria is a sucrose ester of L-kynurenine. Finally 
+ Kikkawa (1941) demonstrated that the v substance in Drosophila is 
indeed kynurenine. 
Timing and Localization of Kynurenine Production 
Ephrussi, Clancy, and Beadle (1936) investigated the accumulation 
of kynurenine during the life cycle. They were able to extract maximum 
amounts of kynurenine from pupae from 3 to 80 hours after puparium 
formation. The activity of the extract was determined by injection into 
a w v larvae or pupae. By injecting extracts known to contain kynurenine 
into '!!.a~ pupae of various ages, it was observed that the response of eye 
pigmentation does not occur if the flies are older than 70 hours post 
puparium. 
Beadle (1937a, 1937b) reported that extracts from Malpighian tubules 
of larvae as young as 24 hours after hatching contain kynurenine. The 
observation that larval Malpighian tubules which normally neither contain 
nor produce kynurenine accumulate kynurenine when it is 'added by injection 
allowed a more precise evaluation of the time of production of kynurenine 
by wild-type larvae. By use of this method it was demonstrated that the 
wild-type larval lymph contains kynurenine during the 24-hour period 
immediately preceding puparium formation. Beadle, Tatum, and Clancy 
(1939) failed to induce the formation of kynurenine in fat body tissue 
' 
9 
of wild-type larvae, but they were able to establish that the normal time 
for the production of kynurenine is in the prepupal stage. 
Ephrussi (1942) observed that brown pigment deposition appears about 
50 hours after puparium formation, and that kynurenine accumulates rapidly 
just prior to the deposition of brown pigment. This accumulation is 
mostly in the fat bodies and the fat bodies release the kynurenine at 
the time of brown pigment deposition. 
After it was known that kynurenine is present in the fly only for a 
short period of development, experiments were conducted to determine what 
controls its production and the tissues involved. Beadle (1937) injected 
various organs from wild-type into ~;bw and ~av. It was reported that if 
fat bodies of Malpighian tubules are injected, the host fly produces brown 
pigment in the eyes. Negative results were obtained from the injection of 
salivary glands, brain tissue, gastric caeca, and that portion of the hind 
gut that includes the imaginal ring. 
"Starvation Effect" 
During an investigation of the nutritional requirements of Drosophila, 
,/ 
Khouvin, Ephrussi, and Chevais (1938) observed that the vermilion mutant 
accumulates brown pigment in the eyes when grown under suboptimal nutritional 
conditions. Upon further investigation, it was shown that a similar response 
10 
can be produced by feeding small doses of dry yeast. Furthermore, at low 
doses of yeast the effects produced are proportional to the concentration 
of yeast, while higher doses suppress the effect. Various peptones were 
' also tested for their effect on eye pigmentation. It was observed that 
all peptones tested except gelatin would produce an accumulation of pigment 
in the eyes. If tryptophan~re added to the medium with gelatin, the 
effect was similar to the other peptones. It was also found that high 
concentrations of yeast extract would suppress the effects of the peptones, 
but would not alter the effect of the Calliphora extracts. Injections of 
dry yeast and peptones into vermilion larvae produced no effect on eye 
pigmentation. These results indicated that different processes were 
responsible for the effect of the Calliphora extracts and of the suboptimal 
nutritional conditions. 
Beadle, Tatum, and Clancy (1938) extended the observations on the 
''starvation effect" and reported that periods of complete removal of food 
from vermilion-brown larvae did not alter the eye pigmentation regardless 
of the duration of the period without food or the stage of development 
during starvation. They reported at least a hundredfold increase in 
pigmentation of vermilion flies when the larvae were transferred to a 
partial starvation medium prior to 70 hours after egg deposition. 
Tatum and Beadle (1939) reported additional observations on th 
"starvation effect" in ~;bw. They investigated the effects of temperature, 
carbohydrates, proteins, and amino acids. Temperature alone did not 
increase the pigmentation of the eye, but at a given concentration of 
,/ 
11 
yeast, lower temperature increased the intensity of the "starvation effect". 
Carbohydrates inhibited the ''starvation effect" without causing a decrease ,/ 
in developmental time. Proteins and amino acids had no effect. The 
"starvation affect" was always associated with prolongation of larval life, 
but prolongation of larval life was not sufficient to produ e the "starvation 
effect." 
Biochemical Properties of Vermilion 
The work that has been described indicates that the action of the 
vermilion mutant is to prevent the conversion of tryptophan to kynurenine 
(Figure 1). Green (1949) measured non-protein tryptophan in different 
vermilion mutants and r'eported that all vermilion mutants tested accumulate 
more non-protein tryptophan than does wild-type. Later, by feeding exper-
iments, it was shown the formylkynurenine as well as kynurenine functions 
as a precursor for the formation of brown pigment when fed to vermilion 
larvae, Green (1952). This information with the report of Glassman (1956) 
that the vermilion mutants had normal kynurenine formamidase activity, 
identified the vermilion mutants as blocking the conversion of tryptophan 
to formylkynurenine. 
Subgroups of Vermilion Mutants 
Green (1952) was able to classify the vermilion mutants into two 
groups by testing their response to suppressor of vermilion mutants. One 
group was suppressed by the suppressor, that is flies homozygous for both 
12 
suppressible-vermilion (~s) and the suppressor of vermilion had wild-type 
u 
eyes. The other group of mutants was unsuppressed(~). The suppressible 
1 
mutants are represented by the mutant v and the unsuppressible mutants 
36f 
are represented by~ • That these two mutants represent different sites 
within the vermiliJn locus is shown by the observation that recombination 
-5 
occurred between them with a frequency of 3.4 X 10 (Green, 1954). In 
the same report Green states that vs mutants respond to starvation conditions 
u 
by the accumulation of brown pigment while v mutants do not. 
Tryptophan Pyrrolase Analysis in Vermilion 
The first report that the vermilion mutants are deficient in tryptophan 
pyrrolase came from Baglioni (1959), who assayed the activity of wild-type, 
1 36f 
v, and~ • Baglioni (1960) reported that the suppressor of vermilion 
restores about 30% of the tryptophan pyrrolase activity found in wild-ty/e / 
flies. Kaufman (1962) reported that v
1 
flies have more tryptophan pyrrolase 
activity than does ~
36
f, and that the suppressor of vermilion restores 
about 15% of the tryptophan pyrrolase activity found in wild-type. 
Marzluf (1965) conducted an extensive analysis of tryptophan pyrrolase 
from wild-type and suppressed vermilion. By the criteria applied (pH 
optimum, heat inactivation, copper inhibition, and energy of activation) 
the enzymes from the two sources were found to be identical. In his experi-
ments it was shown that the suppressed vermilion flies have only 7% of the 
activity of wild-type. He also attempted to induce the enzyme by growing 
flies on medium with excess tryptophan and found that substrate induction 
of the enzyme was possible only in wild-type and suppressed vermilion flies. 
13 
Rizki and Rizki (1963) investigated the substrate induction of 
tryptophan pyrrolase with respect to the fat bodies. Normally only the 
anterior cells of the fat bodies of wild-type flies exhibit the characteristic 
autofluorescence caused by the accumulation of kynurenine. If the flies 
are grown on medium with excess tryptophan, the autofluorescence extends 
to the posterior cells. These cells also respond to the suppressor of 
vermilion by accumulating kynurenine. It was therefore concluded that the 
differentiation of "kynurenine cells" in the fat bodies is controlled by 
a genetic mechanism which responds to substrate induction. 
14 
MATERIALS AND METHODS 
All stocks used in these experiments were homozygous for the 
mutant brown (bw, 2-104.51. + In addition to bw ~he standard~ stock 
was also homozygous for cinnabar(~, 2-57.5) which blocks the pro-
duction of ommochrome pigment following kynurenine. This stock was 
used in order to reduce the formation of pigments which would interfere 
with the spectrophotometric determinations of enzyme activity. 
' The complete medium for growing flies was a standard corn meal, 
sucrose, and yeast culture medium with propionic acid added to inhibit 
the growth of fungi. Five ml of the medium was dispensed to each 6 
dram vial or 70 ml to each half-pint milk bottle. 
The starvation medium used was that described by Shapard (1960) and 
contained 5 g of brewers yeast, 15 g agar, 10 ml propionic acid, and 25 
mg streptomycin sulfate·per liter. 
The defined casein medium (Tables 2 and 3) was that described by 
Geer (1963), except that only 3.5 g of casein per 100 ml of medium was 
used, 0.14 g of NaHC0
3 
was added per 100 ml of medium, and sucrose was 
substituted for fructose. The medium was prepared by dissolving the 
ribonucleic acid (RNA) in a volume of phosphate buffer equal to 40% 
of the final volume. This solution was .added to the casein and NaHC03
, 
and neutralized with 1 N NaOH. Cholesterol was added as a suspension 
prepared by dissolving the cholesterol in 20 ml of 95% ethanol, adding 
20 ml of water and autoclaving at 20 pounds of steam pressure for five 
,/ 
Table 1. Composition of standard Drosophila medium 
Water 13.6 1 
Agar 150 g 
Corn meal 600 g 
Sucrose 600 g ,/ 
Brewers yeast 150 g 
Propionic acid 80 ml 
Table 2. Composition of the defined casein medium 
Agar 1.5 g 
Casein 3.5 g 
Sucrose 1.0 g 
Cholesterol 0.03 g 
RNA 0.1 g 
Thiamine 0.0002 g 
Riboflavin 0.001 g 
Nicotinic acid 0.0012 g 
Ca-pantothenate 0.0016 g 
Pyridoxine 0.00025 g 
Biotin 0.00002 g 
Folic acid 0.001 g 





0 0.00129 g 
CaC1










0 0.00129 g 
NaCl 0,00129 g 
KHl04 0.183 g 
NaHP0
4 0,189 g 
NaHC0
3 0.140 g 
Water to 100 ml 
Table 3. Stock solutions for casein medium 
Nocotinic acid 120 mg/100 ml 
Riboflavin-P0
4 100 mg/100 ml 
Thiamine-HCl 20 mg/100 ml 
Pyridoxine-HCl 25 mg/100 ml 
Ca-Pantothenate 160 mg/100 ml 
Biotin 3 mg/100 ml 
Folic acid 100 mg/100 ml + NaHC03 250 mg/100 ml 





475 mg/100 ml + KH/0 4 475 mg/100 ml 
18 
minutes. The vitamins and sucrose were added and the pH adjusted if 
necessary. The agar was added and the mixture was heated until the agar 
was in solution. The medium was dispensed in five ml amounts to shell 
vials, and autoclaved for 15 minutes at 20 pounds of steam pressure. 
Vials were stored in a freezer until used. 
Eggs were collected by allowing females to lay on live yeast for 
ten hours and were sterilized by the method of Doll, Trexler, Reynolds, 
and Bernard (1963) as modified by Geer and Vovis (1965). Eggs were 
washed through a 60 mesh wire screen (U.S. series 60, openings 0.246 
rtnn) into a 115 mesh screen (U. s. series 120, openings 0.124 mm). The 
eggs were cleaned by a method described ear1ier (Shelton, 1967). The 
eggs were washed from the screen into a 12 ml conical centrifuge tube. 
After the water was removed with an aspirator, the eggs were suspended 
in 16% sucrose solution and approximately 2 ml of 20% sucrose solution 
was layered under the suspension. The tube and contents were centrifuged 
for three minutes at 1610 X g. The eggs at the interface between the 16 
and 20% were transferred to another 12 ml conical centrifuge tube and 
washed repeatedly with distilled water. This treatment was followed by 
three rinses with 0.125% sodium hypochlorite solution. Sterilization 
was accomplished by treating with 0.4% peracetic acid and 0.1% sodium 
alkylarylsulfona~e solution for 8 to 10 minutes. Aseptic transfer of 
eggs was carried out in a chamber sterilized with a germicidal ultra-
violet lamp. 
All vermilion stocks were grown in incubators.or constant temper-
ature rooms at 25 + 1 ° C. The .£.!!_;bw s.tock was grown at the same 
.,r· 
19 
temperature or at 23 ~ 2° C. Control experiments showed that the 
difference in developmental temperature did not affect the tryptophan 
pyrrolase activity. 
Enzyme assays were conducted by a modification of the method of 
Baglioni (1959) and Marzluf (1965). Imagoes were lightly etherized, 
weighed, and homogenized in four ml of homogenizing solution (0.14 m 
KCl, 2.5 mm KOH, and 1.0 rrnn phenylthiourea per liter) per gram of 
flies. Homogenization was done either with a motor driven Thomas grinder 
or with a Virtis "45" homogenizer set at approximately 23,000 rpm. 
The method of homogenization did not affect the activity of the enzyme. 
The homogenate was centrifuged in a refriger,ated Servall centrifuge 
Model RC-2 at 27,000 g for 30 minutes and the supernatant served as the 
enzyme preparation. Larvae and pupae were homoge?ized in the Thomas 
grinder in an amount of homogenizing solution equal to the packed volume 
of the flies. All homogenizations were conducted in the cold. The 
protein concentrations of all preparations were 12-15 mg/ml. The incu-
bation mixture used to assay tryptophan 9yrrolase activity contained 0.2 
ml of the enzyme preparation, 50 µm of phosphate buffer (pH 7.4), 1.8 
µm of tryptophan, and 0.375 µm of 2-mercaptoethanol in a total volume 
of 0.5 ml. The mixture was incubated for two hours in a water bath 
shaker at 37° C e_xcept where otherwise indicated. At intervals of 15 
to 20 minu,tes during the incubation, incubation tubes were removed and 
immediately 1.5 ml of 6.7% trichloroacetic acid was added. After a 
minimum of 15 minutes, the samples were filtered through Whatman No. 1 
..r 
20 
filter paper. The filter paper was saved for protein determination by 
the Biuret method (Layne, 1963, Figure 2). T~e assay for kynurenine 
was carried out by a method modified from Bratton and Marshall (1939). 
One ml of the filter solution was placed in an ice bath and 0.2 ml of 
0.4% NaN02 solution was added at time O. At three minutes 0.2 ml of 
1.0% NH
4
so3NH2 solution was added and at five minutes 0.2 ml of 0.2% 
N-(1-naphthyl)-ethylenediamine dihydrochloride solutioh was added. 
The mixture was stored in the dark at 0° C for a minimum of 14 hours 
before reading the optical density (OD) at 560 mu in the Beckman model 
DU spectrophotometer to determine the amount of diazotizable amine 
(kynurenine) formed during the reaction. After plotting the OD versus 
time, the rate of the reaction was computed from the slope of the line 
(Figure 3). By use of the standard curve (Figure 4), the enzyme 
activity was expressed as pm kynurenine/mg protein/hr. 
In order to determine the q10 and the energy of activation for 
tryptophan pyrrolase, enzyme assays were conducted over a range of 
temperatures (22, 27, 32, and 37° C). The q10 was computed from the 
activities at 27 and 37° C. The natural logarithm of the activities 
at the different temperatures was plotted against the reciprocal of 
the absolute temperature,making an Arrhenius plot. The energy of 
activation can be computed from the slope of the line as follows: 
E* = Ro ln v , where E~•, is the energy of activation, R is the universal 
o ( 1/T) 
gas constant in calories per degree mo.le, ln is the natural logarithm, 
vis the yelocity of the reaction, Tis the absolute temperature, and 
~ indicat~s the difference between two values (Casey, 1962). 
,/ 
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Figure 3. Example of plot for the determination of rate of kynurenine 
formation. 
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In order to test the possibility that prolonged development is the 
cause of the starvation effect, the developmental time was extended by 
growing ~
1
;bw flies at 18° C. The imagoes that emerged in these cultures 
were phenotypically indistinguishable from flies of the same genotype 
grown at 25° C. This observation is in agreement with a previous report 
by Tatum and Beadle (1939). Furthermore,the enzyme activities were 
found to be the same. That these results should not be surprising is 
shown by a comparison of the Q10 values for •development of Drosophila 
melanogaster and for tryptophan pyrrolase. The Q10 for development of 
the egg, larval and pupal stages over the tempera~ure range of 18-28° C 
varies from 2.47 to 3.22 (Powsner, 1935). The enzyme Q10 calculated 
from data shown in Figure 5, an Arrhenius plot, was found to be 3.38. 
It can be seen that these values do not differ markedly, but that the 
enzyme,activity should be lowered more than the rate of development at 
18° C as compared to 25° C. Such a change is in the wrong direction to 
effect an increase in eye pigmentation. 
S:ince prolongation of development by a reduction in temperature was 
found to be ineffective in producing the starvation effect, it was thought 
desirable to extend the period of development at 25° C. Geer and Vovis 
(1965) state that larvae will not pupate when grown on a choline deficient 
diet. If such larvae are transferred to a complete medium, they will 
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continue to develop and eventually eclose as adults. By using casein 
medium without choline it was possible to prolong the developmental 
1 
period of~ ;bw flies for as long as ten days beyond the normal 
29 
developmental time of ten days while maintaining an optimum temperature 
of 25° C. This was judged to be an excellent means of testing the 
effect of extended developmental time in producing the starvation effect 
since choline· is not known to be involved in ommochrome synthesis. The 
results of this experiment indicated that a prolongation of developmental 
f 
1. time does increase the amount of pigment deposited in the eyes o ~ ;bw 
female flies. The effect on the males was doubtful, and _the increase in 
the females was much less than that observed in flies of the same genotype 
grown under starvation conditions. 
The above results show that prolongation of developmental time is 
not an adequate explanation of the starvation effect. The other alter-
native is that starvation conditions cause an increase in tryptophan 
pyrrolase activity at some time prior to eclosion. The results of the 
experiments designed to test this possibility are given in Figure 6. 
In order to determine the enzyme activity at different times during 
development, eggs were collected over a ten-hour period on live yeast. 
The larvae were grown on yeast until 60-70 hours after egg deposition. 
At this time the larvae were collected and divided into two groups. 
One group was placed on starvation medium and the other 'was placed on 
complete medium. The variation in developmental time among individuals 
of the same culture was exaggerated in larvae placed on starvation 
• , larvae; ■, pupae; .A, adults on complete medium. 
on starvation medium. 
Figure 6. Tryptophan pyrrolase activity in ~ 1 ;bw. 
o, larvae; a, pupae; A, adults 
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medium. This was most obvious about 200 hours after the larvae were 
transferred to starvation medium, at which time larvae, pupae and adults 
were present in the same culture. The point on the graph (Figure 6) for 
enzyme activity of pupae that had grown on starvation medium therefore 
represents the mean activity for all ages of pupae. It was for this 
reason also that closer timing of the peak of enzyme activity in starved 
pupae was not attempted. The two peaks of enzyme activity found in the 
1 starved flies are about twice that found for any stage of the~ ;bw flies 
grown on complete medium. The maximum activity of starved pupae is about 




Before discussing the main points of this report, it may be noted 
that the energy of activation for the wild-type_tryptophan pyrrolase 
enzyme computed from the Arrhenius plot (Figure 5) is 21.6 kcal/mole. 
This value is in disagreement with the report of 12.8 kcal/mole by 
Marzluf (1965). The plot published by Marzluf (F{gure 7) uses 1/TC 
JJ 
J rather than 1/TK and if the points shown on his graph are plotted as 
1/TK (Figure 8), all the points do not fit a straight line. The points 
at physiological temperatures approximate a straight line with a slope 
essentially the same as that presented in this paper. If the two 
extreme points on Marzluf' s graph are used to compute .A ln v and o 1/T 
for the Arrhenius equation, the energy of activation is found to be 
12.8 kcal/mole. It appears that the error of plotting 1/TC rather than 
1/TK caused Marzluf to calculate the energy of activation from the two 
points which are not on the line of a true Arrhenius plot. The energy 
of activation from the slope of the line drawn through the points at 
physiological temperatures (Figure 8) is found to be a value in close 
agreement with the value reported in this paper. It is because of these 
considerations that 21.6 kcal/mole is thought to be the better estimate 
of the energy of activation of tryptophan pyrrolase. 
There are several reports in the literature concerning nutritional 
effects on the expression of vermilion. In particular, the reports of 
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Figure 7. Plot of logarithm of rate versus the reciprocal of the centigrade temperature. 
From Marzluf (1965). 




that the phenotype of both vermilion and wild-type flies is a function 
of the tryptophan concentration in the medium. If vermilion mutants 
(presumably ~1 are grown on a medium containjng 1.0 to 1,5 g of 
tryptophan per liter, they develop the phenotype of If geneUcally 
+ 
V • 
~+ flies are grown on medium deficient in tryptophan, the phenotype 
approaches that of vermilion. Baglioni (1960) reports a similar 
phenomenon which he claims will distinguish ~
1
;bw flies from ~36f;bw 
flies. If a five percent brewers yeast medium is supplemented with 
0.25% tryptophan, ~ 1;bw flies will make a detectable amount of brown 
· h 36f b ·11 pigment w ~reas ~ ;__!!'. w1 not. Shapard (1960) was unable to confirm 
the resµlts of Valaderes and Charconnet and suggested that their obser-
vation could have been caused by the starvation effect because the 
partially defined medium that they used prolonged the time of development 
by about 8-9 days. Marzluf (1965) grew v 1 flies on medium supplemented 
with tryptophan and was unable to detect either the deposition of brown 
pigment
1 
in the eye or an increase in tryptophan pyrrolase activity. It 
seems that substrate induction of Drosophila tryptophan pyrrolase is 
possible in~+ and~ ~ 1, but not in ~l or ~ 36f (Rizki and Rizk~ 1963; 
Marzluf, 19,65). During the present investigation it was observed that 
~ 1 ;bw flies have slightly pigmented eyes when grown on standard medium 
and can. be distinguished from ~
36
f ;bw flies. This difference is not 
amplified by feeding excess tryptophan. Considering the conflicting 
reports, it seems that the effects of excess tryptophan on the expression 
of v can best be explained by the starvation effect, leak·ness, or both. 
I 
It appears that at least two factors are ~nvolvect in the starva-
tion effect. The first contributing factor is the leakiness that has 
been described. From the experiments with choline deficient medium it 
can be concluded that the slight leakiness observed, when acting over 
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a prolonged 1 'l Jo.I, will atcount for a visible increase in the pigmen-
tation of the eyes. This does not explain the greater increase in 
pigmentation observed under starvation conditions. The second factor, 
which is the primary contributing factor to the starvation effect, is 
increased tryptophan pyrrolase activity during the larval and pupal 
stages. The first peak of enzyme activity, which occurred during the 
larval stage, would lead to the accumulation of kynurenine in the fat 
bodies. It is known that the fat bodies of vermilion have the potential 
to store kynurenine and that this is the normal process in v+ flies 
(Beadle, 1937b; Ephrussi, 1942). The kynurenin~ produced would not be 
involved in subsequent reactions until after pupation (Ghosh and Forrest, 
1967). The second peak of enzyme activity is in the pupal stage and 
coincides with the deposition of brown pigment. In the pupae of ~;bw 
flies grown on standard medium there is also a small but measurable 
amount of enzyme activity which probably accounts for the slight but 
detectable amount of brown pigment deposited. 
From the data available on the action of vermilion in Drosophila 
melanogaster, consideration can be given to the possibility that the 
two groups of vermilion mutants represent a control site and a structural 
site. The existence within the vermilion locus of two sites having 
,/ 
different physiological properties has been adequately documented 
(Baglioni, 1960; Gree~ 1952, Shapard, 1960). In addition to these 
observations the suppressors of vermilion are recessive and, as 
reported by Marzluf (1965), restore enzyme activity by allowing the 
production of an enzyme apparently identical to wild-type enzyme. 
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A type of suppressor has been reported in microorganisms (Brody 
and Yanofsky, 1963; Hawthorne and Mortimer, 1963) which restores enzyme 
activity and will suppress mutants of more than one locus. The 
mechanism of action of these super-suppressors appears to be through 
an alteration of amino acid specificity of a transfer RNA (t-RNA). 
Ritossa, Atwood, and Spiegelman (1966) reported that there is an 
average of 13 fold redundancy for each of approximately 60 t-RNA 
species in Drosophila. If an alteration of one t-RNA were such that 
the amino acid that it specifies would restore a normal enzyme, the 
activity could be about 8% of wild-type, and it is probable that this 
type of suppressor would show a direct correlation with the number of 
loci. 
The suppressor of vermilion is similar to the super-suppressors 
in that mutants at several loci are suppressed and the tryptophan 
pyrrolase activity of suppressed vermilion is about 7% of the activity ,/ 
found in wild-type flies (Marzlu~ 1965). This similarity to the 
super-suppressors of microorganisms leads one to suspect that they 
may act by the same mechanism. There are, however, difficulties with 
this interpretation. For example such a super-suppressor should be 
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dominant, but the suppressor of vermilion is recessive to its wild-
type allele and a deficiency for the region acts as a suppr'essor wh n 
heterozygous with the suppressor of vermilion (Shapard 1960). The 
properties of the deficiency are not adequately known because the homo-
zygous or hemizygous deficiency is lethal. The observation reported 
here that tryptophan pyrrolase activity can be induced by nutritional 
conditions supports the suggestion that the locus of the suppressible 
vermilion mutants is a control site for tryptophan pyrrolase. 
One possibility for further investigation associated with the 
experiments reported is an analysis of the inducibility of the enzyme 
stimulated by the starvation •. Khouvin, Ephrussi, and Chevais (1938) 
demonstrated that the presence of tryptophan is a necessary condition 
for the starvation effect, but as has been discussed in this paper, 
tryptophan ~lone is not sufficient to elicit the starvation response. 
It is suggested that a starvation medium with gelatin as the major source 
of nutrients be supplemented with various concentrations of tryptophan. 
Flies grown under these conditions would be assayed for tryptophan 
pyrrolase activity. This procedure would allow one to evaluate the 
relativ.e contribution of starvation and substrate induction to the 
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